Abstract-This paper presents a double-balanced downconverter based on a low duty-cycle passive mixer that translates a 18.8 GHz RF signal into a 1 GHz IF signal. The resistive mixer is driven by two analog specially designed pulse generators in order to provide very low conversion losses at high frequencies. The chip has been processed using a 0.13 µm BiCMOS technology. With a −1.2 dBm input LO power, the overall measured conversion gain is 13.2 dB with an estimated contribution of only −2.1 dB from the passive mixer. The measured noise figure is 6.3 dB. The inputreferred 1 dB compression point, hardly limited by the IF amp, is −25.7 dB, with −5 dBm for the mixer itself. Total power consumption is 109 mW.
I. INTRODUCTION
During the last decade, passive mixer has become a very suitable choice in low or zero-IF receivers thanks to its no inherent 1/f noise and low intermodulation characteristics. More recently, 25% duty-cycle LO driving clock has been introduced [1] . This technique cancels out the crosstalk that is observed in IQ receivers featuring a 50% dutycycle LO signal and increases the overall receiver's gain by at least 3 dB [2] [3] . Additionnally, when used in a voltage-driven configuration, the resistive mixer operates as a sampler and the conversion losses are almost entirely cancelled theoretically [4] . However, the circuits involved in the generation of a low duty-cycle LO driving signal are frequency-limited and cannot be pushed beyond few GHz [5] , which greatly limits the number of applications targeted by such architecture.
The objective of this paper is to demonstrate that a low duty-cycle voltage-conveyor resistive mixer is applicable at higher frequencies using adequate pulse generators to create the required LO driving voltage. A chip operating inside K-band has been designed and processed. The mixer and the pulse generator are described in sections II and measured data are given in the last section.
II. CIRCUIT DESCRIPTION
The chip block diagram is presented in Fig.1a . No LNA has been integrated before the mixer in order to allow a wide range of test frequencies. The resistive mixer (Fig.1b) operates as a sampled voltage conveyor. Its IF side is loaded by the capacitive high input impedance of the IF amplifier (R out C out ) to hold the IF voltage value during a LO period. This amplifier is optimized to operate at a central frequency of 1 GHz. Fig. 2 . Schematic of the pulse generator Both pulse generators are connected to the LO side of the mixer to create the required low duty-cycle voltage waveforms. Common circuits are based on CMOS logic latch and gates [6] and are no longer suitable for pulse generation above approximately 5 GHz [5] . A non-linear analog approach has been preferred. All efforts have been focused on getting a low duty-cycle outgoing rectangular voltage waveform by lowering rise and fall times which are limited by active devices as well interconnects parasitics.
RF-
The pulse generator schematic is presented in Fig.2 . Heterojunction bipolar transistors (HBT) have been preferred here instead of NMOS devices thanks to their much higher f t . The circuit involves a class-C cascode amplifier (Q 1 & Q 2 ) that creates a high duty-cycle voltage waveform. This signal is then reversed and amplified through a class-A inverting amplifier built around Q 3 . The duty-cycle and amplitude of the outgoing signal is controlled by the DC voltage applied to V ctrl pin. Inductors L 1 and L 2 provide some peaking and improve the shape of the impulsion at the highest frequencies.
III. EXPERIMENTAL RESULTS
The circuit has been processed using a 0.13 µm BiC-MOS SiGe technology from IBM. The die photograph is shown in Fig.3 . The dimensions of the chip are 1.2 × 2.4 mm 2 . The whole system is biased under 2.4 V and consumes 109 mW that splits into 87 mW for both pulse generators and 22 mW for the IF-amp.
The test-bench used for mixer characterization is presented in Fig.4 . The chip has been on-wafer measured using RF-probes at RF and IF ports. A VNA Agilent PNA-X N5247A delivers the CW RF differential signal thanks to its ability to accurately control phase and amplitude of its internal sources. This solution is far more flexible, accurate and broadband than using an external balun. The IF balanced outputs are connected to an external 180°h ybrid coupler through a GSSG RF-probe. A rat-race balun has been designed on a 5 mils alumina substrate to provide a balanced LO signal to the chip. Its measured center frequency, around 17.8 GHz, has driven the experiments. At this frequency, the output voltage of a pulse generator is around 630 mV pp with a 27% duty-cycle.
Finally, cables, RF-probes and balun are de-embedded from measurements to shift the RF and IF reference planes to the pads of the chip. contribution can be estimated to −2.1 dB. This result is very close to the −1.9 dB predicted by the theory [4] . 
B. 1dB Compression Point
Measured and simulated input-referred 1 dB compression points are −25.7 dBm and −24.5 dBm respectively. They are limited by the IF amplifier. Using simulations, we have been able to extract an input-referred 1 dB compression point of −5 dBm for the passive mixer alone. The linearity of the ring mixer is mainly limited by the rise and fall times of the LO pulses [7] . These switching times are minimized using small sized NMOS devices (36 × 0.12µm
2 ) within mixer, as well as short interconnects, that are needed to reduce the capacitive load presented at the output of each pulse generator.
C. Noise Figure
The noise figure is measured using the cold source technique. Two 50 Ω room temperature loads are connected to the RF balanced port of the mixer. The noise power N mix produced at the output of the circuit is then amplified by a LNA and measured using a spectrum analyzer. The test-bench contribution is de-embedded from the measured noise, and the equivalent noise temperature of the mixer T mix is computed using (1):
This relation requires the knowledge of all the RF frequency bands centered at kf OL ± f IF (k ∈ N) from which a significant conversion occurs inside the mixer. Fortunately, conversion gains vanish as k increases. The noise figure is finally obtained from T mix using the relation (2), where T 0 is 290 K:
This calculated noise figure is equivalent to an allsidebands (ASB) definition. Thanks to the PNA-X connected at RF ports, conversion gains around the 2 nd and 3 rd LO harmonics are extracted (Fig.6 ). These measurements show that frequency translations from 52.4 GHz and 54.4 GHz are significant, which was predicted by the electrical simulations as well as low conversions observed around the 2 nd LO harmonic. This behaviour may be very interesting for V-band applications, but it is out of the scope of this paper.
Finally, the noise figure is extracted from (1) and (2) and shown in Fig.7 . A minimum NF of 6.3 dB is obtained at a −1.2 dBm LO power. Although noise contribution of the IF amplifier is included, this result represents a significant improvement against any usual 50% duty-cyle driven passive mixer, penalized by its conversion losses. The low duty-cycle passive mixer is widely used for low or zero-IF IQ receivers up to few GHz. However this architecture suffers from frequency-limited digital circuits for LO signal generation. This paper has shown how to extend the frequency range of such mixer up to within the K-band, replacing these CMOS digital clocks by non-linear analog pulse generators.
The designed circuit, including pulse generators and an IF buffer, has been integrated in a 0.13 µm BiCMOS process. The resistive mixer alone demonstrates a conversion gain as low as −2.1 dB and an input referred compression point of −5 dBm. For a LO power of −1.2 dBm, the overall gain and noise figure are 13.2 dB and 6.3 dB respectively.
